Biology, chemistry, physics, mathematics, and computer science have a long-standing joint history. After Gregor Mendel and his famous discoveries of the fundamental laws of inheritance in 1866 had been forgotten for several decades, their rediscovery by Hugo de Vries in 1900 and others in the early twentieth century lead to a revolution of the biosciences and a century full of remarkable discoveries made by truly interdisciplinary research teams such as those of Thomas Hunt Morgan, Erwin Schrödinger, Max Delbrück, Francois Crick, James Watson, and many others.
On the other hand, physical events have an impact on inherited traits. For example, Hermann Joseph Muller discovered the effect of X-rays to cause mutations in the genetic material in 1927. Paula Hertwig, daughter of Oscar Hertwig and sister of the great anatomist Günther Hertwig, identified irradiation defects on plant, animal, and human genomes. At that time, however, such defects could not be identified directly, but just indirectly by their phenotypic effect such as growth, form, or color.
In 1942, the Manhattan project initiated studies on biological effects of irradiation that changed the genetic material. However, genetic defects could only be identified if the DNA sequence was known, which was not feasible at that time. Hence, the US Department of Energy together with several other funding agencies throughout the world launched the Human Genome Project in 1990, a large-scale project of sequencing and elucidating the human genome over an anticipated time period of approximately 15 years.
Sequencing the first human genome took more than a decade and cost three billion US dollars, but sequencing got cheaper and more efficient by new sequencing technologies. These next-generation sequencing technologies *Corresponding author: Ivo Grosse, Martin-Luther-Universität Halle-Wittenberg, Institut für Informatik, Von-Seckendorff-Platz 1, 06120 Halle (Saale), Germany, e-mail: ivo.grosse@informatik.uni-halle.de Katrin Hoffmann: Martin-Luther-Universität Halle-Wittenberg, Institut für Humangenetik, Magdeburger Straße 2, 06112 Halle (Saale), Germany have evolved so rapidly over the last decade that the sequencing capacity per US dollar has been increasing almost exponentially with a doubling time of only five to six months.
Information technology has evolved with a similarly mind-boggling speed. Driven by an incredible progress of the semiconductor industry that has never been observed before in the history of mankind in any other area, the computing power per US dollar has been increasing almost exponentially for the last five decades with a doubling time of approximately 18 months, and it has been this exponential increase that has led to the radical and comprehensive changes of our lives colloquially called the digital revolution.
The pace of progress of information technology is phenomenal, but the pace of progress of sequencing technology is even higher. In a time interval of 18 months where the computing power doubles according to Moore's law, the sequencing capacity octuples, and under the assumption that both information technology and sequencing technology continue to grow at the same speed as in the past, we will need about 10,000 times as many computers as today for the analysis of next-generation sequencing data in year 2026, even though by then computers will be 100 times more powerful than today.
This dramatically increasing demand of computing power required for the analysis of next-generation sequencing data causes challenges for information technology and bioinformatics that have never been witnessed before, and this special issue is devoted to these fundamental challenges.
Steve Hoffmann and Peter Stadler introduce short read mapping and its applications including analyses of genetic variants, gene expression levels, or DNA methylation patterns. Gene Myers gives an overview on whole-genome short-gun sequencing and the resulting challenges and solutions for performing de-novo sequence assemblies. Peter Krawitz describes applications in medicine such as discovering clinically significant sequence variants that will more and more contribute to personalized medicine. And Dongwan Kang, Edward Rubin, and Zhong Wang write about aims and methods for reconstructing single genomes from complex microbial communities.
By now, more than 2,500 eukaryotic genomes and more than 60,000 prokaryotic genomes have been sequenced, and the rate at which international sequence repositories fill grows exponentially with an unprecedented pace. Remaining capable of analyzing these sequence data is a phenomenal challenge for mankind and bioinformatics, a challenge that can only be tackled by truly interdisciplinary research teams.
Such research teams are needed for asking the right questions, designing appropriate experiments, developing efficient algorithms, and translating the results to the field, to the environment, or to the bedside. Likewise, training a next generation of interdisciplinary scientists comparable to those famous pioneers who started the breathtaking endeavor of deciphering the secrets of our genetic information one century ago is another fundamental challenge of mankind and a challenge to which this special issue is devoted, too. Prof. Dr. Katrin Hoffmann studied medicine at Leipzig University and specialized in human genetics. Scientifically, she combined medical and genetic field work, followed by wet lab and statistical studies at the Max Delbrück Center for Molecular Medicine and the Charité Berlin before she became director of the Institute of Human Genetics at Martin Luther University Halle-Wittenberg in 2011. Katrin has been using high throughput linkage, association and sequencing analyses for identifying the underlying gene defects in several neuromuscular disorders, blood anomalies and other human diseases.
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